Summary Objective: The aim of this study was to analyse changes in the prevalence of overweight and obesity between 1986 and 2000 in Portuguese conscripts, and to examine the role of place of residence and educational level. Study design: Cross-sectional study. Methods: Data sets from the cross-sectional annual surveys of all 18-year-old Portuguese males born between 1966 and 1981 and examined between 1986 and 2000 (850 081 subjects) were used in this study. Height and weight were measured and body mass index was calculated. Data on educational level (4, 6, 9, 11 and 12+ years) and residence (urban, semi-urban and rural) were collected.
Introduction
An increased prevalence of overweight and obesity has been reported in many developed countries over the past decades. [1] [2] [3] [4] [5] [6] [7] [8] Moreover, there is growing evidence that excess weight is causally related to chronic diseases and all-cause mortality. [9] Obesity is associated with an increased risk of hypertension, non-insulin-dependent diabetes mellitus, hyperlipidaemia and other chronic diseases. [10] [11] [12] Several studies have shown that obesity in young adults has an adverse effect on morbidity and mortality. Many countries have reported an increase in the prevalence of obesity during the last few decades, and a serious increase in the associated health problems is anticipated. [13] Obesity is a multifactorial problem and its development is due to multiple interactions between genes and the environment. [14] Portugal has the highest stroke mortality rate in Western Europe, and cardiovascular diseases cause around 40% of deaths in Portugal. [15, 16] The only study of time trends in the prevalence of overweight and obesity used a selected sample of young males, from the District of Lisbon, at the time of military examination, and showed an increase in the percentage of males with body mass index (BMI) 425 kg/m 2 from 8.1% in 1960 to 18 .0% in 1990. [17] Another Portuguese study with a random sample of 1436 residents of Porto, aged 18-90 years, found that obese subjects showed a significantly higher prevalence of hypertension, hypertriglyceridaemia, diabetes and high-density-lipoprotein cholesterol concentration compared with subjects of normal weight. [18] Obesity-related costs have been estimated to represent approximately 7% of the total healthcare expenditure in the USA, 1-5% in Europe and 3.5% in Portugal. [13, 19, 20] This paper reports the first national study of overweight and obesity in 18-year-old Portuguese males. The aims were: (i) to analyse time trends in BMI distribution and the prevalence of overweight and obesity from 1986 to 2000; and (ii) to examine the influence of place of residence and educational level on the prevalence of overweight and obesity.
Methods

Study population
Data were obtained from medical examination records at the Portuguese district recruiting centres. Military service is compulsory in Portugal. All males born in a given year are examined by military physicians during their registration visit, which lasts for 3 days. The sample can thus be regarded as representing all regions of the country and all the social strata. All 18-year-old Portuguese males born between 1966 and 1981 and examined between 1986 and 2000 (850 081 subjects) were included. For 1991, data are absent due to technical problems, and for some other years, such as 1990 and 1993, the Portuguese Army only requested some males for the general examination. However, selection was made on a random basis throughout Portugal.
During the medical examination, height and weight are measured by a physician. For the present study, overweight and obesity were defined as a BMI of 25.0-29.9 and X30.0 kg/m 2 , respectively, using the cut-off points proposed by the World Health Organization. [21] Social data
Residence details of the subjects were obtained and classified into three categories based on population size, following the classification of the Instituto Nacional de Estatística (INE): rural areas (population below 2000); semi-urban areas (population 2000-5000); and urban areas (population over 5000). Educational attainment was categorized into five levels according to the INE classification: primary (4 years); 6 years; secondary incomplete (9 years); secondary incomplete (11 years); and more than 12 years. Data on occupation were not collected.
Statistics
A simple P2 method, using a significance level of 0.05, was used to determine the increase in overweight and obesity between 1986 and 2000. Logistic regression analysis was performed to calculate odds ratios (OR) and 95% confidence intervals (CI) for educational level and place of residence as risk factors for overweight and obesity. The results were adjusted for year of examination.
Statistical analysis was performed using SPSS Version 11.0 (SPSS Inc., Chicago, IL, USA).
Results
Sociodemographic and health characteristics Table 1 summarizes the evolution of sociodemographic and health system characteristics in Portu-gal during the 20th Century. [22, 23] From 1920 to 1990, birth rate, percentage of young people (o15 years), infant mortality rate and postneonatal mortality rate all showed a strong decrease. Simultaneously, the percentage of old people (X65 years), life expectancy in both sexes, and adult literacy increased. The Portuguese health system also showed large changes. Between 1960 and 1990, the number of physicians per 1000 population and the percentage of newborns that were delivered in a hospital increased, and maternal mortality decreased. In the economic sector, the agricultural system decreased from 48.2% in 1930 to 10.6% in 1990. On the other hand, the industrial and services sectors both increased in the same period, especially the industrial sector.
Taking in to account the changes in nutrition in the Portuguese population, Table 2 presents the total daily energy intake of some products. From the 1960s to the 1990s, the consumption of some products increased substantially, such as milk (from 76 to 237 cal/day), meat (from 78 to 328 cal/day), fats (from 407 to 788 cal/day), sugar (from 209 to 350 cal/day) and eggs (from 14 to 30 cal/day). The consumption of calories increased from 2671 to 3577 calories between 1960 and 1990. 
BMI distributions
Trends in overweight and obesity
The prevalence of overweight and obesity in 1986 and 2000 are shown in Figs. 2 and 3 , respectively. The prevalence of overweight increased from 10.5% to 21.3%, and the prevalence of obesity increased from 0.9% to 4.2% (w 2 ¼ 14079.5, Po0.001). Educational level and place of residence have lived in the same residence. However, for both overweight and obesity, the difference between the place of residence and the place of birth were not statistically significant (data not shown).
ARTICLE IN PRESS
Discussion
Trends in the prevalence of obesity in European countries are available for several countries including England, Sweden, Finland, Germany, Spain and The Netherlands. [24] The prevalence of obesity has increased by approximately 10-40% in the majority of European countries over the past 15 years. The most dramatic increase has been reported in the UK, where the prevalence of obesity has doubled in the past 15 years.
The present findings are of national relevance because they give a unique picture (because this sample represents all regions of Portugal and all social strata) of the magnitude of the problem of obesity in young Portuguese males. The main findings of this nationwide population-based study were an increase in mean BMI over time, and that BMI distributions are skewed to the right. In consequence, there has been a fairly strong upward trend in the prevalence of overweight and obesity in Portugal between 1986 and 2000; overweight increased from 10.5% to 21.3% and obesity increased from 0.9% to 4.2%.
It is difficult to compare these results with those from other European studies because most other studies have reported prevalence for all adult age groups. However, it is possible to determine the overweight and obesity values in studies that separated their samples according to age group. For 2000, the present values are lower (4.2%) than those observed in The Netherlands (4.4%), [25] Norway (10%), [26] Denmark (4.6%) [27] and Finland (8.6%). [28] Only Sweden (3.2%) [5] and France (2.0%) [29] showed lower values than those found in 18-year-old Portuguese males. However, despite these low values, the prevalence of overweight and obesity in Portugal has increased notably between 1986 and 2000.
Contrary to other studies that found a higher prevalence of obesity in subjects with low levels of education, this study found an inverse association between obesity and educational level, with subjects with a low level of education presenting with lower values of overweight and obesity than those with a higher level of education. To give some examples, in Belgium, Stam-Moraga et al. [30] found a highly significant inverse gradient between level of education and the prevalence of obesity, even after adjustment for age. The same trend was found in Sweden and Canada. [31] [32] [33] In The Netherlands, Visscher et al. [34] adjusted for age and town and found an inverse association between obesity and educational level; those with a primary school education had a prevalence of obesity of 15.4% and those with a university education had a prevalence of obesity of 4.7%. The reverse relationship found in Portugal could be related to occupation. Those with a low level of education generally had an occupation that required more physical work than those with a higher level of education. Unfortunately, the questionnaire completed during the registration visit did not collect data related to occupation or socio-economic status.
The ultimate cause of obesity is an energy imbalance in which the relative excess in energy intake is translated into an accumulation of fat in the organism. However, obesity is considered to be the result of a large number of factors, including [35] stressed the importance of these dietary components on secular trends in Italian conscripts born in 1874 and 1960. In Japan, Takahashi [36] linked the secular trend in height to the consumption of milk, which has risen steeply since the Second World War, and concluded that milk consumption among the younger generation was one of the most important reasons for the acceleration of growth. Some of the changes in consumption of some products had a positive effect on the secular changes in height in the Portuguese population, [37] but an increase in total energy from 2671 cal/day in 1963 to 3577 in 1997 and an increase in fat intake from 407 cal/day to 788 in 1997 also occurred. [22, 23] It is likely that these changes also contributed to the increase in obesity, although a paradoxical effect can be shown if one looks at this relationship in different parts of the world. In the UK, the prevalence of obesity and overweight has increased in spite of a decrease in total energy intake accompanied by a relative increase in fat intake, [38] whereas in the USA, the increased prevalence of obesity has been accompanied by an increase in energy intake and a decrease in fat consumption. [39] In addition to energy intake, the amount of energy expended, particularly that component of energy which is most variable and susceptible to modification (i.e. physical activity), may explain the increased prevalence of obesity in the developed world. In Portugal, the industrial and services sectors have increased over the last century, with the greatest changes in the 1970s. At the same time, the agricultural sector almost disappeared. All these changes show that the amount of energy expenditure at work is now minimal because the industrial and services sectors do not require a great amount of physical energy. There is observational and experimental evidence that increased physical activity reduces, or at least a stabilizes, body weight. [40] Diet and physical activity, along with many other factors related to the recent social and economic changes in Portugal, could explain the increased prevalence of obesity in young Portuguese males in the last decade, despite the positive trend in stature in the Portuguese conscripts, [37] which represents a general improvement in living conditions. This problem was also observed in children; Portugal showed the secondhighest mean values in overweight/obesity (31.56%) compared with other European countries. Portugal has followed the trend of other Mediterranean countries such as Spain (30%), Greece (31%) and Italy (36%). [41] The increased prevalence of obesity reported in Western societies and the Portuguese values reported in this study represent a threat for public health, as obesity is related to several chronic morbidities and disabilities. [32] Weight gain prevention programmes are urgently required to stop this burden of disease and disability.
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